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Abstract 27 
Crop residues are a key livelihood resource in smallholder mixed crop-livestock systems in Sub-28 
Saharan Africa. With expansion of arable land and resultant decline in grazing resources, crop 29 
residues are becoming an increasingly important component of livestock feeds. This demand for 30 
livestock feeds has implications for the long-term sustainability of such systems since failure to 31 
return biomass to soils has implications for soil quality and the capacity of soils to support long-term 32 
productivity. Biomass allocation patterns are likely to vary with overall level of productivity and 33 
hence availability. In this study we used a household survey to quantify crop residue allocation 34 
patterns across a gradient of productivity in Eastern Africa focusing on two sites in Ethiopia and one 35 
in Kenya. We assessed the underlying determinants of crop residue allocation patterns with a view 36 
to understanding how productivity increases through intensification will influence biomass allocation 37 
in Eastern Africa and how livelihood and natural resource management objectives could be 38 
optimized. Results showed that farmers strongly favour allocation of residues to livestock feeding 39 
but that allocation to soil increases along the productivity gradient. This reduced feeding to livestock 40 
and increased allocation to soil fertility is associated with smaller farm sizes leading to reduce animal 41 
traction needs for tillage, increased overall livestock productivity, increased use of inputs and a 42 
reduced reliance on farm-based activities in overall livelihood strategies. The implications of these 43 
trends are that productivity increases in smallholder systems are likely to reduce pressure on 44 
biomass in the long term and that measures that enhance the prospects for farmers to intensify 45 
their production systems are likely to increase soil health and sustainability objectives in general. A 46 
key conclusion of the work is that intensification of livestock production could reduce crop residue 47 
allocation to soils with long term implications for soil productivity.  48 
Key words: crop residue, livestock feed, intensification, soil 49 
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1. Introduction 51 
Mixed crop livestock systems form the basis for rural livelihoods for the majority of the world’s rural 52 
poor. They are also the source of much of the world’s food and recent estimates put the 53 
contribution of mixed systems to global food production at around 50% (Herrero et al. 2010). The 54 
integrated nature of mixed crop livestock farming means that livestock provide key inputs for arable 55 
production including manure and traction, while crops provide reciprocal inputs to livestock 56 
production, notably in the form of crop residues (straws and stovers) to sustain livestock (Powell et 57 
al. 2004). Further integration occurs at the level of the soil; livestock sustain soil fertility through 58 
returns of excreta (Rufino et al. 2007). However a key trade-off in maintaining the integrity of mixed 59 
crop livestock systems relates to crop residue use. In order to maintain soil fertility, in particular soil 60 
organic carbon, biomass needs to be returned to the soil on a regular basis and in adequate 61 
amounts. However, farmers also need to sustain their livestock and there is pressure to remove 62 
residual biomass in the form of straws and stovers and feed them to livestock (Giller et al. 2009). 63 
Feeding residue to livestock does not necessarily break the cycle of nutrient and biomass return to 64 
the soil since these can be returned in the form of livestock manure which provides a good source of 65 
relatively stable organic carbon and of readily useable nutrients to improve soil fertility. However, 66 
manure is bulky and the labour costs of returning manure to fields in meaningful quantities in the 67 
absence of mechanization tend to be prohibitive. Furthermore nutrient losses at various points 68 
between manure production and return to the field can lead to very low nutrient cycling efficiencies 69 
(Castellanos-Navarrete et al. 2015; Rufino et al. 2007). Continual removal of biomass from arable 70 
land leads to nutrient mining, loss of soil organic matter, attendant loss in water holding capacity 71 
and gradual soil degradation and undermining of crop yields (de Ridder & van Keulen 1990) although 72 
the benefits of biomass return are highly context specific (Bationo et al. 1995; Rufino et al. 2007; 73 
Turmel et al. 2015). This is the trade-off at the core of the research reported here. At issue is the 74 
basis for decision making at farm level about how to allocate crop residues to various competing 75 
demands. What lies behind farmers’ decisions to remove biomass and feed to livestock at the 76 
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expense of long-term crop yields? What could be done to ease pressure on biomass for the sake of 77 
environmental integrity and individual farm-based livelihoods? 78 
Recent reviews have analysed the global drivers of change in developing world smallholder farming 79 
(Hazell & Wood 2008; Herrero et al. 2010; McDermott et al. 2010). Of interest here are the regional 80 
pressures which directly impinge upon crop residue use patterns. Chief among the relevant drivers in 81 
Eastern Africa is continuing expansion of cultivated land related to population growth (Ruthenberg 82 
1980). Expansion of arable land is typically at the expense of the common pool resources - including 83 
pastures and rangelands - and this has implications for the composition of livestock diets (Lambin et 84 
al. 2003). Grazed feed resources used to form the major component of livestock diets in Ethiopia but 85 
crop land has expanded at the expense of rangeland resources in recent decades (Aklilu Mekasha et 86 
al. 2014; Berhe 2004; Dessie & Kleman 2007) leading to a gradual substitution of grazed feed 87 
resources by crop residues. In other Eastern African countries such as Kenya and Uganda there has 88 
been a longer tradition of confined feeding but none-the-less, pressure on scarce biomass resources 89 
is increasing as a result of arable expansion (Baldyga et al. 2008). Loss of rangeland also reduces 90 
domestic fuel resources leading smallholders to rely on crop residues which would otherwise be left 91 
in situ or fed to livestock. The pattern is therefore one of increasing pressure on increasingly scarce 92 
common pool resources and of increasing reliance on crop residues from cultivated areas. Reduced 93 
biomass in both cultivated and common areas potentially leads to increased soil erosion and 94 
degradation. 95 
One reason for expansion of cultivation has been the failure to sufficiently increase productivity of 96 
staple cereals to meet the food demands of a growing population (Eberhardt 2008; Hazell & Wood 97 
2008). Because of the close correlation between grain and crop residue yields (harvest index) this 98 
also limits residual biomass availability and this is another pressure point in smallholder production. 99 
In animal traction-dependent systems, a major share of crop residues goes towards maintaining 100 
oxen (Baudron et al. 2013). These needs are eased by increased mechanization but in the Eastern 101 
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African study countries there is still little mechanization of tillage operations. In Ethiopia, oxen are 102 
still the dominant source of traction whereas in Western Kenya hand hoeing is the norm. The 103 
demands of traction animals for feed are a further pressure point on biomass use in smallholder 104 
systems in Eastern Africa, particularly Ethiopia. 105 
These various drivers steadily increase pressure on biomass in mixed smallholder systems in Eastern 106 
Africa. The focus of this paper is to examine the immediate implications of this increasing pressure 107 
on biomass for household decisions on crop residue use and to assess the further implications for 108 
future livelihoods and the possibilities for sustainable intensification. Sustainable intensification is 109 
defined as “producing more output from the same area of land while reducing the negative 110 
environmental impacts and at the same time increasing contributions to natural capital and the flow 111 
of environmental services” (Pretty et al. 2011). Our overarching objective was to characterize 112 
current crop residue allocation patterns to different uses: livestock feeding, retention in the field, 113 
and other uses such as for construction and domestic fuel. To help in understanding possible future 114 
scenarios of biomass allocation patterns, we selected study sites along a gradient of agricultural 115 
intensification and productivity. Allocation patterns and the underlying farm characteristics that 116 
influence them are expected to vary as systems intensify. Our study design allowed us to make a 117 
comparative analysis of the study sites variously located along the gradient with a view to (i) 118 
understanding how allocation patterns are likely to evolve as systems intensify and become more 119 
productive and (ii) assessing the implications for research-for-development. 120 
 121 
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2. Methods 122 
Study sites: agro-ecology and socio-economic context 123 
Three case study sites with mixed crop-livestock farming systems were identified in Eastern Africa 124 
(Ethiopia and Kenya). In Kenya, Kakamega in the west of the country was selected. In Ethiopia, 125 
Nekemte in the west of the country was selected along with Kobo in the north-east of the country 126 
(Figure 1). Sites were selected based on a gradient of market access, agro-ecology and intensity of 127 
production: from Kakamega (wet; dairy; diverse cropping, intensive) to Kobo (drier; subsistence 128 
livestock; cereal-based, less intensive). The three sites were purposively selected to capture 129 
contrasting cereal (maize and sorghum) -based systems. Maize-beans, maize-teff1 and sorghum-teff 130 
are dominant crops in Kakamega, Nekemte and Kobo, respectively. The Nekemte site is within the 131 
highland zone of Ethiopia with a mean altitude of 2088 metres above sea level (masl) while the Kobo 132 
and Kakamega sites are lower at between 1468 and 1535 masl respectively (Table 1). The dominant 133 
soils in Nekemte and Kakamega are acidic and fix phosphorus making it unavailable to crops. Vertisol 134 
is the dominant soil type in Kobo with high clay content, a tendency to crack during the dry season 135 
and a capacity to hold much water during the rainy season.  136 
Because of the productivity gradient used for site selection, the socio-economic context of the three 137 
sites is very diverse, particularly between the Kenyan and the other sites. Human and cattle 138 
population densities are much higher in Kakamega than in the Nekemte and Kobo sites (Table 1). 139 
These high human and cattle densities in Kakamega have resulted in expansion of cultivated lands 140 
and depletion of soils and other natural resources. In all three sites a high proportion of land is 141 
under cultivation. In terms of market access, Kakamega is better placed because of an improved 142 
road network and the presence of a large number of small villages and towns. Farmers can easily 143 
access these towns to sell crop and livestock products and purchase inputs. Private land ownership 144 
                                                            
1 Teff (Eragrostis tef) is a prominent staple cereal in Ethiopia. 
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prevails in Kakamega, and this encourages citizens to buy and sell land. Property rights are less well 145 
developed in the Ethiopian sites. Extension support to farmers in the areas of agriculture and human 146 
health has become stronger in Ethiopia in general in recent years. As a result, farmers can in theory 147 
access technological information that enables them improve agricultural productivity. Extension 148 
provision in the Kenyan site is less well developed. 149 
Data 150 
Eight villages were selected using Google Earth images in each of our three sites around a central 151 
market town with all dichotomous combinations of proximity to the central market (near – far) and 152 
proximity to a road (near – far), and 2 village combinations. For this, two main roads from the major 153 
market town were randomly selected (sometimes there were only two). For each of these roads, the 154 
distance between this town and the next market town was calculated. The point on the road at 155 
which the two towns were equidistant was marked as the “far from market” point of reference. The 156 
point at which a tenth of the distance between the major market town and the next market town 157 
was marked as the “near to market” point of reference. Villages on either side of the road at these 158 
points along the nearest passable side road were then selected within a radius from the market 159 
town along the direction of the main road of 0 – 100 for the “near to road” villages and between 10 – 160 
300 for the “far from road” village. A total of 24 villages were therefore surveyed in the three sites.   161 
A household survey was conducted in 2011 to gather detailed information at the household (HH) 162 
level. Based on census lists of all the farmers of each village, a total of 160 HH were selected from 163 
the eight villages of each study site giving a total sample size of 480 households across the 3 study 164 
sites. Twenty HH per village were considered for the HH questionnaire survey. The number of 165 
households per village averaged 126, 47 and 192 in Kobo, Bako and Kakamega respectively. The 166 
average proportion of households per village interviewed was thus 0.20, 0.46 and 0.14 in Kobo, Bako 167 
and Kakamega respectively. Households were selected by conducting a village census to gather basic 168 
information on land holdings and wealth categories for each household. These were used to develop 169 
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a wealth index and households were then stratified into 4 wealth classes and 5 households per 170 
village per wealth class were randomly selected.   171 
The household questionnaire incorporated major issues such as household characteristics, access to 172 
market, credit and extension, land owned and cultivated, crop production on a per plot basis, crop 173 
residue allocation, livestock herd structure and dynamics, feeding strategies, income sources and 174 
expenditure, and limitations for crop and livestock production. Each household survey took between 175 
3-4 hours to complete and was answered mostly by the household head.  176 
The factors influencing the different crop residues uses were assessed through econometric analysis 177 
of all crop level observations with data on crop residue use, crop type, and cultivated area. 178 
Accordingly, 15, 5, and 4 households from the respective districts of Kobo, Nekemte, and Kakamega 179 
that miss data on one or more of the latter variables were excluded. 180 
The analysis was conducted on 3 crop groups and 3 residue use groups. The crop groups considered 181 
for the analysis were: i) maize and sorghum combined (both having coarse stover and either being 182 
the prevailing cereal), ii) teff (having fine straw, an important cereal in Ethiopia), and iii) the 183 
remaining crops combined (comprising 16 crops, each with too few observations for separate 184 
analysis and with no other prominent sub-grouping). Residue uses were grouped together according 185 
to the broad purpose they serve: i) retained in the field either as residual mulch on the soil or burnt 186 
during land preparation, ii) used as cattle feed either through stubble grazing by own cattle or used 187 
as stall feed, and iii) the category of all other uses, which includes 9 different crop residue uses 188 
including use as household fuel, construction material, and used by other households. 189 
 190 
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3. Results 191 
System characterization 192 
Closely related to the agro-ecology and demographics, the study sites broadly represented a 193 
productivity gradient with Kobo being the most marginal site, Nekemte being of intermediate 194 
productivity and Kakamega being the most productive site. This gradient can be detected in data 195 
related to cropping and livestock production as follows. 196 
 197 
Cropping. The area allocated to cultivation per household decreased with increasing productivity 198 
from an average of 1.6 ha per household in Kobo to an average of 0.4 ha per household in Kakamega 199 
(Table 2). Large grained cereals, specifically maize and sorghum predominated in the extensive 200 
conditions in Kobo and were present but to a lesser extent in the more intensive systems in 201 
Nekemte and Kakamega. Small grained cereals predominated in Nekemte while horticultural crops 202 
were important in Kakamega. Among small-grained cereals, teff was important in the Ethiopian 203 
sites; wheat was also strongly present in Nekemte. Other crops grown in Kakamega included beans, 204 
sugar cane, sweet potato and banana plants among others (data not shown). Legume use generally 205 
increased along the productivity gradient. Allocation of land to fallow was relatively insignificant in 206 
all sites. 207 
 208 
Input use indicators generally followed expectations with increasing use moving up the productivity 209 
gradient from Kobo to Kakamega (Table 2). Application of all types of fertilizer (farm yard manure, 210 
urea, di-ammonium phosphate) was consistently higher in Kakamega than in the Ethiopian sites and 211 
generally higher in Nekemte than in Kobo although fertilizer use in all sites was still low relative to 212 
recommendations (Ethiopian Agricultural Research Organization 2004; Mandefro Nigussie et al. 213 
2009). Use of improved seeds was also more prominent in Kakamega than in the Ethiopian sites. 214 
Between the Ethiopian sites, improved seed use was higher in Kobo than in Nekemte. The 215 
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proportion of land under small-scale irrigation was generally low but slightly higher in the more 216 
productive sites. Mechanized tillage was absent in the Ethiopian sites and unusual even in 217 
Kakamega. In Kakamega, land was largely tilled by hand. Herbicide and fungicide use were common 218 
in Ethiopian sites but unusual in Kakamega against the general pattern of increased input use with 219 
increasing intensity of production. 220 
 221 
Marketing of cereal grains, as an indicator of output production, was highest in Kakamega at 222 
between 30-50% of grain being sold in the market. It was intermediate in Kobo at between 30-40% 223 
of grain being marketed (Table 2). Grain sales were lowest in Nekemte at 13-16% of production 224 
being sold. Sales of other crops (mainly vegetables and legumes) ranged between 40 and 60% 225 
depending on site. 226 
 227 
Livestock. Overall livestock holdings per household did not systematically follow the productivity 228 
gradient with households in Nekemte holding the most livestock at around 5 TLU’s per household. 229 
Households in Kobo held around 4 TLU’s and those in Kakamega held the smallest holdings at 230 
around 3 TLU’s per household. However, when farm size was taken into account, livestock pressure 231 
followed the productivity gradient with much higher livestock holdings per unit area in the most 232 
intensified site at Kakamega (Table 3). The livestock holding in all sites was dominated by cattle and 233 
in both Ethiopian sites cattle were almost exclusively of indigenous breeds. In Kakamega around a 234 
quarter of the holding was made up of improved cross-bred cows. Small ruminants also made up a 235 
small proportion of the livestock holding with roughly equal numbers of sheep and goats overall. 236 
There was a tendency for households in the more intensive Kakamega site to favour sheep and those 237 
in the less extensive Kobo site to favour goats. Equids were common in the extensive system 238 
represented by Kobo, were also present in Nekemte, but were not present in the Kakamega 239 
households. Households in all sites kept a few backyard poultry, especially in Kakamega. 240 
 241 
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Livestock feeding strategies varied considerably by site (Table 3). In general grazing was the 242 
predominant means of feeding livestock in both Nekemte and Kakamega with farmers estimating 243 
that around 60% of livestock nutrition was derived from grazing in these sites. Crop residues also 244 
represented an important component of the diet both in the form of in situ grazing of stubbles and 245 
the feeding of straws and stovers (dry fodder) to confined animals. Feeding of residues was 246 
especially important in the least intensified site at Kobo where dry fodder (stall fed and stubbles) 247 
was estimated by farmers to make up 50% of the diet. In the more intensified sites of Nekemte and 248 
Kakamega the proportions were around 25% and 18% respectively. Feeding of green fodder to 249 
confined animals made up 15-30% of the diet depending on site. Feeding of concentrates was 250 
negligible but accounted for around 3% of the diet in Nekemte and Kakamega. 251 
 252 
Milk productivity of cattle increased with increasing intensification (Table 3). Thus milk yields of 253 
indigenous cows increased from 0.9 l/d/cow in Kobo to 3.0 l/d/cow in Kakamega1. Cross-bred cows 254 
were only present in Kakamega but these yielded even more at 4.1 l/d/cow. The proportion of the 255 
livestock holding sold or bartered each year was variable across sites and did not systematically 256 
follow the productivity gradient. 257 
 258 
Crop residue use. To allow comparison across all three sites only the combined maize and sorghum 259 
residues are considered in the following. The general pattern of maize and sorghum residue 260 
allocation was that more residue was left in the fields in the more productive sites while more was 261 
allocated to livestock feeding in the more marginal sites (Figure 2). Almost no residues were left in 262 
the field in Kobo with farmers estimating the figure to be around 3%. This contrasted with a figure of 263 
                                                            
1 Data on milk yield are indicative. Farmers were asked to estimate average milk yield per female cow per day.  
All respondents were asked the same question so the data give a good indication of relative milk yield in 
different sites and for different cow types. However because lactation length and lactation curves are variable 
the absolute milk yield values need to be treated with caution. 
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36% in Kakamega. In situ burning of residual residues was unusual, although in Nekemte farmers 264 
reported burning 12% of their residues. 265 
 266 
Almost 70% of maize and sorghum residues were fed to livestock in Kobo, mainly through feeding to 267 
confined animals. In Nekemte and Kakamega, the percentage was roughly 35% with stubble grazing 268 
predominating in Nekemte and stall feeding predominating in Kakamega. 269 
 270 
Other uses were important in all sites with use of maize and sorghum residues for domestic fuel 271 
being a particularly prominent use especially in the Ethiopian sites. Sale of maize and sorghum 272 
residues was a minor use in all 3 sites as was use for construction. Taken together, all uses other 273 
than mulching and feeding accounted for roughly 30-50% of maize and sorghum residue use 274 
depending on site. 275 
 276 
General household characteristics are presented in Table 4 and illustrate the household trends 277 
associated with the productivity gradient including a diminishing reliance on farm income, increased 278 
labour availability, reduced use of farm-produced food, increased marketing of farm produce 279 
especially livestock products, and increased organization of farmers including access to credit. 280 
 281 
Determinants of crop residue use 282 
Model results to assess the factors related to allocation patterns for the combined maize and 283 
sorghum residues are shown in Table 5 – with the descriptive statistics of the model variables 284 
included in the previous Table 4. Area of cultivated land had relatively consistent effects with larger 285 
farms both retaining and feeding more residues and using proportionally less for other uses such as 286 
fuel and construction. Livestock pressure expressed as TLU per hectare also showed consistent 287 
effects: in general higher livestock density led, as expected, to more feeding and less retention and 288 
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other uses. Data related to the proportion of livestock products marketed showed consistent effects. 289 
The general pattern showed that where livestock product marketing was important, households fed 290 
more residues and retained less on the soil and used proportionately less for other uses including 291 
fuel and construction. The effect was strong in Nekemte and especially in Kakamega where dairying 292 
is prominent (data not shown). Access to alternative feed sources would be expected to reduce the 293 
amount of residue fed to livestock and increase retention – there was some suggestion of this effect 294 
in the data although the tendency was not significant.  295 
Use of improved seed was also related to a higher proportion of residue being fed to cattle perhaps 296 
related to higher residue biomass yields allowing more scope for feeding residues to cattle. Travel 297 
time to crop output markets had consistent effects on residue use: those households situated 298 
further from markets tended to feed more to livestock and generally allocate less to other uses. The 299 
proportion of crops marketed however had minimal effects on crop residue use and the effects were 300 
not systematic across crops. Food self-sufficiency data indicate that in general, food secure 301 
households feed more residues to livestock and retain less on soils. Association membership had 302 
strong effects on crop residue allocation: more residue retention on soil and less feeding.  303 
There were also site differences in allocation patterns (Table 5). Farmers in Kakamega retained more 304 
residues on fields than in Nekemte and those in the extensive Kobo site retained the least. For feed, 305 
the opposite pattern applied with farmers in Nekemte and Kakamega allocating less to feed than 306 
those in Kobo. Other uses were higher in Nekemte and Kakamega than in Kobo.  Effects of labour 307 
availability were inconsistent and difficult to interpret, with an indication that increased labour 308 
availability allowed more residue retention. Access to credit did not have a strong systematic effect 309 
on crop residue use although it generally led to less use of residues for mulching and more feeding 310 
of residues. Access to information did not influence residue use. Education level of the household 311 
head also had minimal effect, and similarly on-farm income as a proportion of total income had 312 
minimal effects on allocation patterns. 313 
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 314 
Discussion 315 
 316 
Biomass allocation is a critical issue in the debate on sustainable intensification in smallholder 317 
systems in Sub-Saharan Africa (SSA). Some argue strongly about the benefits of Conservation 318 
Agriculture and particularly the need to return biomass to the soil in order to sustain soil fertility 319 
(Hobbs 2007). Others point out that the realities of smallholder farming in mixed systems in SSA do 320 
not allow such an approach – smallholders have livestock to feed and simply do not have the luxury 321 
of sparing biomass for return to the soil (Giller et al. 2009). Biomass allocation patterns are a crucial 322 
element of the future sustainability of smallholder systems. Continued removal of biomass for uses 323 
such as fuel, construction and livestock feeding lead to detrimental cumulative effects on soil 324 
properties, including negative impacts on soil organic carbon concentrations and soil structure, 325 
reduced water holding capacity and reduced resistance to erosion (Bationo et al. 1995). However, in 326 
SSA, the pressure not to return crop residues to soils remains strong. A high proportion of farmers 327 
are food insecure and are not in a position to forego short-term livelihood needs derived from 328 
feeding livestock in the interests of building long term natural capital in the form of healthy soils 329 
(Giller et al. 2009).  330 
Use of crop residues for fuel, construction and a variety of other uses (aside from feeding and 331 
returning residues to the soil) was substantial at 30-50% of overall residues depending on site. The 332 
results of our analysis show that as cultivated area increases the proportion of residues used for 333 
purposes other than feeding and retention on soil declines. This suggests that the absolute amount 334 
of residue required for fuel and construction is generally fairly stable per household so that as farm 335 
size increases, proportionately more residue is available for livestock feeding and return to the soil. 336 
With rising populations and decreasing farm size (Masters et al. 2013) across Sub-Saharan Africa this 337 
could lead to diminishing availability of residues for productive use. This trend will be balanced by 338 
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increasing use of modern construction materials and alternative sources of fuel as development 339 
occurs. The results on farm size also have implications for biomass allocation patterns and their 340 
relationship with resource endowment of different farms. Poorer farmers with smaller holdings are 341 
likely to have relatively less biomass to allocate to soil and livestock feed uses because of the fixed 342 
requirement for fuel and construction purposes. In the long term this could lead to increased 343 
divergence in resource endowment among farms with wealthier farms being able to invest in long 344 
term soil improvement while poorer farms become locked into a cycle of soil degradation, a 345 
conclusion also reached in previous studies (Shepherd & Soule 1998; Tittonell et al. 2010). Our 346 
results showing an increase in allocation to livestock feeding as cultivated area per farm increases 347 
contrast with those of Jaleta et al. (2013) who found an opposite trend. This may relate to the 348 
narrower range in farm size in the latter study which focused on maize producers in Ethiopia. 349 
Our results emphasise the pressure that smallholders are under to allocate crop residues for 350 
livestock feeding.  However, by studying a gradient of productivity our results allow us to understand 351 
potential trajectories of change as systems intensify and become more productive. The data indicate 352 
that intensification will lead to more opportunity to allocate crop residues to soil fertility purposes. 353 
(Vanlauwe et al. 2014) also argue that increasing overall productivity through increased fertilizer use 354 
is a key pathway to achieving conservation agriculture objectives. In the extensive site at Kobo, 355 
where livestock production is mainly subsistence in nature, farmers feed 70% of residues to their 356 
cattle. They are completely reliant on cattle for traction purposes and their productivity per animal 357 
in terms of milk production, for example, is low. These farmers use very limited inputs, such as 358 
commercial fertilizer and improved seeds. They are also heavily reliant on on-farm income for their 359 
livelihoods. In the more productive Kakamega site, the situation is different. Here farmers feed 360 
around 30% of their residues to livestock and retain around 35% on soil. Here farm sizes are smaller 361 
and reliance on cattle for traction is less significant. Per animal productivity, illustrated by milk 362 
production, is relatively high. Moderate levels of inputs including commercial fertilizer and improved 363 
seeds are used. Furthermore, farmers are less reliant on the farm to support their livelihoods – a 364 
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significant proportion of income derives from off the farm. Looking to the future, intensification 365 
trends such as reduced reliance on oxen for traction, increased use of inputs leading to yield 366 
increases and diversification of livelihoods beyond the farm are likely to reduce pressure to allocate 367 
crop residues to livestock feeding thus providing more flexibility for their use in soil fertility 368 
improvement. 369 
 370 
Rationale for crop residue allocation patterns 371 
Our results help understand residue allocation patterns by farmers – which in turn allows us to 372 
predict how allocation patterns change as systems intensify. An over-riding factor in the observed 373 
pattern of crop residue allocation is the nature of livestock production as also reported by Jaleta et 374 
al. (2013). The relatively large farms in the extensive Kobo site need to be tilled by cattle since 375 
mechanization is not available. This represents a fixed cost for these households; oxen need to be 376 
fed in order to have sufficient energy for field operations (Pearson 1993); the most readily available 377 
feed source is crop residues so this is the farmers’ first priority. This was also reflected in the results 378 
on determinants of crop residue use. Increased livestock density led to more feeding of crop 379 
residues. It can be argued that as livestock production intensifies and becomes more market-driven, 380 
the importance of crop residues diminishes. Feed quality of crop residues is inherently low and 381 
residues are thus generally regarded to be insufficient to support the needs of higher productivity of 382 
milk and meat production, whereas market-oriented livestock production enables farmers access to 383 
improved feed. Our data do not support this argument, however: increased marketing of livestock 384 
products led to greater allocation of crop residues to livestock feeding. Presumably this relates to a 385 
combination of the study site selection and the fact that overall, the study sites were at a relatively 386 
early stage of livestock intensification and we might expect a reduced proportion of residue use for 387 
livestock feeding later in the intensification process.  388 
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Demand for livestock products is increasing as a result of urbanization, dietary changes and rising 389 
incomes. This so-called Livestock Revolution presents potential opportunities for poor livestock 390 
keepers to increase their income through market oriented production given an enabling policy 391 
environment (Barrett 2008), but the potential implications of increased feeding of crop residues on 392 
local natural resources need to be considered. An increased emphasis on feeding crop residues to 393 
livestock to support livestock production for the market could lead to even less crop residues being 394 
returned to the soil. 395 
Other elements of intensification also influenced crop residue allocation patterns. Access to inputs, 396 
in this case improved seed, led to higher allocation of residues to livestock feeding. Overall biomass 397 
availability affects the absolute amount of crop residue that can be allocated to different uses. In the 398 
global study of which this work was a component, we found that even in highly intensive smallholder 399 
systems in South Asia, substantial proportions of crop residues were still fed to livestock. However, 400 
the increased overall amount of crop residue available in these systems provided opportunities to 401 
still return substantial absolute amounts of crop residues to soil (Valbuena et al. 2014).  402 
It could be argued that feeding residues to livestock is a rational choice for farmers as a means of 403 
stabilizing nutrients and making them more available for crop use. Manure has a lower C/N ratio 404 
than crop residue and application of manure rather than direct application of residues can avoid the 405 
short-term N immobilization that often results from direct crop residue application (Powell et al. 406 
2004). Nutrients in manure are generally more plant available than those in crop residues (Powell et 407 
al. 1999). However, the benefits of passing crop residues through livestock prior to returning them 408 
to fields need to be balanced against the logistical and labour-related challenges of applying bulky 409 
manure to fields rather than simply retaining intact residues in the field. In the case of the sites in 410 
this study, the feeding of residues to livestock by farmers was more likely to have related to the 411 
immediate need to feed livestock rather than indirect benefits to soil properties. 412 
 413 
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Conclusions 414 
Intensification of livestock production in the developing world is usually regarded as a positive trend 415 
for the environment and for farmer livelihoods (Herrero et al. 2010; McDermott et al. 2010). Our 416 
results suggest that some caution is needed before accepting this argument; increased intensity of 417 
livestock production coupled with greater market orientation of poor livestock producers could have 418 
negative impacts on the return of biomass to soils in the form of crop residues with potential long-419 
term implications for soil properties and hence arable crop yields. Competition for biomass for 420 
different uses will continue as systems intensify. To allow this intensification to be sustainable, a 421 
coupled approach is needed whereby yields of both arable crops and livestock products increase in 422 
tandem. This is because the only way to spare sufficient biomass for maintenance of healthy soils is 423 
the production of much higher levels of overall biomass production in smallholder systems in Sub-424 
Saharan Africa. 425 
 426 
427 
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Table 1 – Agro-ecological and socio-economic indicators at zonal/district level 529 
Indicator 
North Wello 
(Kobo) 
East Welega 
(Nekemte) 
Western Kenya 
(Kakamega) 
Mean annual rainfall (mm) 1 768 1037 2009 
Soil type 2 Vertisol Nitisol 
Acrisols, Ferralsols, 
Alisols 
Landscape 
Hilly and valley 
bottoms 
Hilly and flat 
Flat land dominated 
(undulating 
peneplain) 
Altitude (masl) 3 1112 - 3293 961 – 2342 1250 – 2000 
Length of growing period (days) 4 136 210 292 
Human population density 
(persons/km2) 5 
81 101 821 
Cattle densities (head/km2)6 33 48 104 
Proportion of land under crop 
cultivation (%) 7 
80.9 76.6 82 
Market development 8 ++ + +++ 
Resource use property rights 9 + + +++ 
Extension support 10 +++ +++ + 
 530 
 531 
                                                            
1 Sirinka, Bako and Kakamega Agricultural Research Centres Meteorological station data (2011, personal 
communication) 
2 Authors’ expert knowledge, (Elias & Fantaye 2000), (Diwani et al. 2013) 
3 (CGIAR Consortium for Spatial Information 2014), (Diwani et al. 2013) 
4 Data generation described in (Thornton et al. 2006) 
5 Global Rural-Urban Mapping Project (GRUMP) 
6 FAO Gridded Livestock of the World 
7 EIAR GIS (2011, personal communication); Kenya population and housing census (2009). 
8 Authors’ own expert assessment 
9 Authors’ own expert assessment 
10 Authors’ own expert assessment 
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Table 2 – Crop production: land allocated to different crops, indicators of input use, and indicators of output 532 
production-using crop level data 533 
Land allocation to different cropsa 
Kobo Nekemte Kakamega 
Mean SE mean Mean SE mean Mean SE mean 
Average potentially cultivated land (ha/hh) 1.6 0.09 1.4 0.08 0.4 0.03 
of which       
Large grain cereals (%)b       
Maize 11.4  12.8  14.1  
Sorghum  32.4  8.6  0.0  
Total 43.7  21.4  14.1  
Small grain cereals (%)       
Teff 33.4  17.7  0.0  
Wheat 0.0  19.2  0.0  
Others 0.0  11.6  21.4  
Total 33.4  48.5  21.4  
Other crops (%)       
Legumes 0.0  7.9  14.3  
Horticultural crops 17.9  8.1  31.1  
Others 4.8  12.2  17.0  
Total 22.7  28.2  62.4  
       Fallow (%) 0.2  1.9  2.1  
       
Indicators of input use       
Fertilizer (kg /ha)       
Manure  Whole sample 34.5 6.6 36.5 4.2 221.4 28.0 
- For those using 270.6 32.0 177.2 12.9 423 48.8 
Urea Whole sample 1.1 0.7 13.3 1.5 67.7 7.3 
 For those using 41.1 20.7 54.8 4.7 136.3 12.6 
DAP Whole sample 0.5 0.3 24 2.3 88.6 5.3 
 For those using 29.2 9.2 52.1 4.3 121.9 6.0 
       
Use of improved and hybrid seeds (% hh) 27.8 3.7 12.3 2.6 84.1 2.9 
Improved and hybrid seeds applied area (% ) 13.8 2.3 5.4 1.3 57.6 3.0 
       
Irrigation (% of hh) 8.3 2.3 16.8 3.0 9.6 2.4 
Irrigation (% of area) 3.5 1.2 4.6 1.0 5.2 1.4 
Manual tillage (% of hh)c 0.7 0.7 2.5 1.2 55.8 3.6 
       
Reported use of herbicide or fungicide       
Proportion of hhs (%) 36.8 4.0 70.3 3.7 1.3 0.9 
Proportion of area (%) 22.2 2.7 38.4 2.7 0.6 0.5 
Spending on herbicides or fungicides       
For an average HH ($/per applied ha) 1.6 0.2 2.9 0.3 0.1 0.1 
Among users ($/per applied ha) 4.4 0.4 4.1 0.4 5.9 1.5 
Among an average HH ($/per ha) 1.0 0.1 1.4 0.2 0.04 0.0 
Among users ($/per ha) 2.6 0.3 2.0 0.2 3.2 1.8 
       
Indicators of market orientation       
% of crop production marketed 
 
      
Large cereal 30.8 1.7 12.6 1.9 28.6 1.5 
Small cereal 39.4 2.2 15.8 1.7 53.7 11.2 
Other crops 61.7 14.8 38.3 4.0 45.1 2.7 
Note: a) Where more than 1 crop was grown per year on the same parcel of land, the denominator was increased to 534 
account for this. Where fields were intercropped both crops were treated as if mono-crops. b) Allocations to different 535 
crops are calculated at site level to avoid distortions that would arise from calculating at household level related to 536 
variable farm size and the fact that not all households grew each crop. c) The remaining percentage in Kobo and 537 
Nekemte is animal traction; in Kakamega the remaining comprises 26% animal traction and 14% tractors. 538 
539 
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Table 3 – Livestock production: livestock holdings, feed composition, production indicators 540 
Livestock holdings 
 
Kobo Nekemte Kakamega 
Mean SE mean Mean SE mean Mean SE mean 
Proportion of HHs with livestock (%) 93 2.2 84 3.0 89 2.5 
Mean TLU per HH (TLU/HH)       
Whole sample 3.7 0.2 4.7 0.4 2.9 0.2 
For those having 4 0.2 5.6 0.4 3.3 0.2 
Of which (% of TLU herd)a       
Cattle, local 82.6  91.9  67  
Cattle, cross 0.2  0  24.4  
Goat 3.3  1.3  2.3  
Sheep 2.3  2.7  3.6  
Equines 11  3.8  0  
Poultry 0.5  0.4  2.2  
Other 0  0  0.6  
       
Livestock pressure       
Livestock density (TLU/ha total area) 3.9 0.5 4.6 0.4 18.8 2.5 
 
 
      
Feed composition (%)       
Grazing grass 23.8 1.4 63.3 1.3 67.4 1.1 
Grazing stubbles 21.2 1.1 12.5 1.0 10.3 0.9 
Stall fed       
Dry fodder 28.4 1.0 12.4 0.7 8.0 0.7 
Green fodder 28.3 1.5 9.4 0.7 12.7 0.7 
Concentrate 0.0 0.0 3.3 0.7 2.0 0.3 
       
Production and market orientation indicators     
Average milk yield (l/d)       
Local cows 0.9 0.1 1.6 0.2 3 0.2 
Cross-bred cows _ _ _ _ 4.1 0.3 
       
Animals sold  or bartered (% of total holding)      
Cattle 26.4 3.1 5.9 1.3 10.2 1.8 
Goats 37.6 6.6 20.1 7.8 19.2 6.4 
Sheep 17 8.5 23.8 5.3 25.6 5.4 
 541 
 542 
  543 
                                                            
a Percentage shares of different livestock species are calculated at site level to avoid distortions that would arise from calculating at 
household level related to variable herd compositions of different farm sizes and the fact that not all households kept each livestock 
species. 
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Table 4 – Descriptive statistics of variables included in the econometric model (only maize and/or sorghum 544 
producing households) 545 
Variables 
Kobo Nekemte Kakamega All households 
Mean SE mean Mean SE mean Mean SE mean Mean SE mean Max 
Household head education (in years) 1.1 0.2 3.4 0.3 7.6 0.4 4.1 0.2 18 
On farm income out of total income (%) 86.0 1.5 80.3 2.5 39.9 1.6 67.8 1.5 100 
Total cultivated land (hectares) 1.6 0.1 1.5 0.1 0.4 0.0 1.1 0.0 7 
Livestock pressure (TLU/ha total area) 3.7 0.5 4.4 0.5 18.6 2.6 9.2 1.0 264 
Labor availability (working members/ha 
total area) 
3.1 0.2 3.8 0.3 22.7 1.7 10.3 0.8 67 
Food self-sufficiency indexa 0.7 0.0 0.7 0.0 0.3 0.0 0.6 0.01 1 
Access to informationb 0.35 0.0 0.4 0.0 0.5 0.0 0.4 0.01 1 
Livestock output marketed (%)c 0.2 0.0 0.2 0.0 0.3 0.0 0.2 0.02 1 
Crop output marketed (%) 30.8 1.7 12.6 1.9 28.5 1.5 24.5 1.0 100 
Importance of crop (crop area/total 
cultivated area) 
0.6 0.02 0.4 0.02 0.5 0.0 0.5 0.01 1 
Improved seed variety (dummy, 0 if 
local and 1 if improved) 
0.2 0.03 0.1 0.03 0.8 0.0 0.4 0.02 1 
Travelling time to crop outputs market 
(hour) 
1.1 0.04 1.1 0.1 0.8 0.2 1.0 0.1 20 
Alternative feed sourced 0.97 0.01 0.8 0.03 0.7 0.04 0.8 0.02 1 
Association membershipe 0.002 0.002 0.03 0.01 0.1 0.02 0.1 0.01 1 
Access to credit (dummy, 0 if no, 1 if yes) 0.4 0.04 0.3 0.04 0.7 0.04 0.5 0.02 1 
 546 
 547 
  548 
                                                            
a Food sufficiency is defined as the proportion of months per year during which farm grown produce fulfils household 
food requirements. 
b Access to information is the proportion of affirmative responses out of 16 questions on whether households obtain 
different information from governmental or non-governmental organizations. The information pertain to crop variety, 
price, and technology, and livestock breed, feed, health, technology, and marketing. 
c Processed and unprocessed milk sold as a percentage of milk produced. 
d Alternative feed source takes a value of 1 if households have access to open communal land, communal grass 
reserves, or private grazing land in any season and 0 otherwise. 
e Association membership assigns a value of 1 if households are members of all 3 organizations of crop, livestock, and 
dairy producers’ association/cooperative. Members of any 1 or 2 organizations are assigned a value 1/3 and 2/3, 
respectively. 
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Table 5 – Three stage least-squares estimates of factors affecting combined maize/sorghum crop residue use 549 
Explanatory variable 
Estimated coefficients Calculated elasticities 
Soil Feed All other uses Soil Feed All other uses 
Household head education (in years) 0.306 -0.061 -0.201    
On farm income out of total income (%) -0.033 0.038 -0.008    
Total cultivated land (hectares) 3.43*** 3.005** -2.117** 19.84 7.50 -15.31 
Livestock pressure (TLU/ha total area) -0.142** 0.20*** -0.007 -6.62 3.96  
Labor availability (working members/ha total area) 0.094* -0.036 -0.042 6.04   
Food self-sufficiency index -13.5*** 24.5*** -0.541 -39.69 31.03  
Access to information  -0.749 3.405 0.113    
Livestock output marketed (%) -6.8** 16.0** -5.992** -8.29 8.43 -9.13 
Crop output marketed (%) -0.020 -0.076 0.056    
Importance of crop (crop area/total cultivated area) 5.742 -8.719* 7.296**  -9.02 21.88 
Improved seed variety (dummy) -0.116 4.878* -1.375  3.97  
Travelling time to crop outputs market (hour) -0.460 2.04*** -0.861  4.49  
Alternative feed source 0.825 -4.616 4.870**   26.04 
Association membership 22.9*** -11.378 -4.656 6.92   
Access to credit (dummy) -3.969** 0.996 0.707 -0.98   
Nekemte (dummy) 15.2*** -37.1*** 12.5***    
Kakamega (dummy) 28*** -27*** 14.6***    
Constant 10.369* 46.4*** 5.302    
R2 0.450 0.475 0.174    
Chi-squared statistics 342 377 88    
Number of observations 417 
Asterisks denote level of significance: * P<0.05, ** P< 0.01, *** P< 0.001 550 
 551 
 552 
  553 
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Figure captions 554 
 555 
Figure 1 – Location map of the three study sites in eastern Africa showing location in different zones of 556 
productivity indicated by length of growing period 557 
 558 
Figure 2 – Maize/sorghum residue allocation patterns at 3 study sites in Eastern Africa moving up a gradient 559 
of productivity from Kobo  Nekemte  Kakamega   560 
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Figure 1 – Location map of the three study sites in Eastern Africa showing location in different zones 561 
of productivity indicated by length of growing perioda 562 
 563 
                                                            
a Date source: IIASA-FAO Global Agro-ecological Zone (GAEZ v3.0).   
 http://webarchive.iiasa.ac.at/Research/LUC/GAEZv3.0/ 
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Figure 2 – Maize/sorghum residue allocation patterns at 3 study sites in Eastern Africa moving up a gradient 564 
of productivity from Kobo  Nekemte  Kakamega 565 
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